Background: Previous studies have documented that hospice enrollment by terminally ill cancer patients varies substantially by patient characteristics and across broad geographic regions, but little is known about how local practice patterns and individual physicians contribute to these variations. We examined hospice use within a regional integrated health care delivery system that provides consistent insurance coverage and hospice availability for its members to evaluate the relative importance of patient characteristics, physician characteristics, individual physicians, and local health centers in explaining variations in hospice enrollment. Methods: We examined data for 3805 Kaiser Permanente of Northern California health plan enrollees who were diagnosed with and died of lung, colorectal, breast, or prostate cancer from January 1, 1996, through June 30, 2001. We used a random-effects linear probability hierarchical model to estimate adjusted hospice enrollment rates and identify factors associated with hospice enrollment. All P values are two-sided. Results: Overall, 65.4% of patients enrolled in hospice care before death. In adjusted analyses, hospice enrollment did not vary by patients' race/ethnicity or marital status (all P >.2) but varied substantially among the 11 health centers where patients were treated (standard deviation [SD] of random effect = 10.0 percentage points, corresponding to an estimated adjusted hospice enrollment rate for two-thirds of centers (2 SDs) ranging from 55% to 75%, P = .02). Hospice enrollment varied less among the 675 individual physicians (SD = 4.6 percentage points; P = .09). Conclusions: Health care within a large integrated delivery system has the potential to eliminate racial and ethnic disparities in hospice use, but substantial variation in hospice use persists among local health centers. Focused efforts to understand how patients, physicians, and hospices interact at the local level are important to ensure equal access to hospice care for all terminally ill cancer patients. [J Natl Cancer Inst 2006;98: 1053 -9 ]
areas ( 10 , 11 ) , or are enrolled in managed care (versus feefor-service) health plans ( 12 , 18 , 19 ) are more likely to enroll in a hospice than other patients. In addition, hospice enrollment rates vary substantially by geographic area ( 10 , 11 , 20 , 21 ) and are higher among individuals who live in more affl uent areas ( 10 ) and in areas that have greater managed care penetration ( 10 ) , fewer hospital beds per capita ( 10 ) , and less use of chemotherapy at the end of life ( 22 ) .
The physicians who see patients who are at the end of life may also infl uence hospice enrollment ( 23 ) . Physician specialty, board certifi cation, and knowledge ( 23 ) and a physician's beliefs about the benefi ts of hospice care ( 24 ) are associated with how frequently they refer patients to hospice care. Few data are available, however, about the actual variations in hospice referral by individual physicians.
In this study, we examined data on hospice use among patients who were enrolled in an integrated health care delivery system to address three important questions. First, we assessed whether hospice use varied with respect to nonclinical factors, such as race, income, education level, and region of residence, even within an integrated delivery system that provided consistent insurance coverage and hospice availability for all patients. Second, we examined whether hospice use varied by health center or by individual physician within this integrated delivery system. Third, we used hierarchical models to examine the relative importance of patient characteristics, physician characteristics, the individual physicians, and the individual health centers in hospice use variability. By simultaneously assessing these potentially important factors in a large regional health care delivery system, our study was designed build on existing knowledge about variations in hospice care by providing new and deeper insights about the role of local and provider-specifi c factors that infl uence access to hospice services for patients with advanced cancers.
M ETHODS Data Sources and Study Cohort
We used clinical and administrative data from Kaiser Permanente of Northern California, a large integrated health care system that provides care for approximately 35% of the adult population of this region at 18 geographically distinct health centers ( Appendix I ). The data included information from the Kaiser Permanente Cancer Registry (which collects data regarding all new cancer diagnoses among system members and reports those data directly to the Surveillance, Epidemiology, and End Results [SEER] cancer registries for Northern California), outpatient and hospice encounter data, patient enrollment data, and physician data. The cancer registry data include information on date and cause of death obtained from state vital statistics.
From the Kaiser Permanente Cancer Registry, we selected all patients aged 21 years or older who were diagnosed with invasive lung, colorectal, breast, or prostate cancer from January 1, 1996, through June 30, 2001 , and died of their cancer during the same period. Patients included in this study were required to have been enrolled continuously in Kaiser Permanente of Northern California during the 18 months before their cancer diagnosis through the date of death and to have had no more than a 1-month gap in enrollment. We excluded patients who were diagnosed at death or autopsy ( n = 4), whose tumor histology suggested a primary cancer other than those of interest ( n = 3), or whose month of diagnosis was not known ( n = 28). We also excluded patients who received care at one of the seven Kaiser Permanente health centers that did not have a local affi liated hospice ( Appendix I ) ( n = 892) because we could not capture complete information about hospice use for these patients. Finally, we excluded 564 patients who died within 1 month of their cancer diagnosis because our algorithm for assigning patients to physicians (described below) required at least a 1-month period between diagnosis and death, and we excluded 97 patients for whom we could not identify a principal physician. The fi nal sample included 3805 patients (2646 patients with lung cancer, 551 patients with colorectal cancer, 378 patients with breast cancer, and 230 patients with prostate cancer).
Assignment of Patients to Physicians
We assigned each patient to a principal physician based on the patient's outpatient care during the 6 months before the patient enrolled in hospice care or, for patients who did not enroll in hospice care, during the 6-month period from 7 months before death through 1 month before death. The lower limit of this range (1 month) was chosen because the median number of days before death among hospice enrollees was 31 days. Patients who had at least one visit with an oncologist during this period ( n = 2720) were assigned to an oncologist as their principal physician. If a patient saw more than one oncologist, we assigned the oncologist with whom they had the most visits. Patients who did not see an oncologist during this period but who saw a primary care physician (i.e., a general internist, family practitioner, or gynecologist) ( n = 1027) were assigned the primary care physician as their principal physician. Patients who did not see any of these types of physicians ( n = 58) were assigned to a specialist who was the most likely to have treated their particular cancer (e.g., a pulmonologist for lung cancer patients, a gastroenterologist for colorectal cancer patients). The 3805 patients included in this study were seen by 675 physicians (53 medical oncologists, 582 primary care providers, and 40 physicians of other specialties). The mean number of study patients cared for by these physicians was 5.6 (median = 1, range = 1 -110). The mean number of patients was 51 for medical oncologists (median = 55; range = 1 -110), 1.8 for primary care providers (median = 1, range = 1 -13), and 1.4 for other specialists (median = 1, range 1 -5).
The 675 physicians practiced in one of 11 health centers ( Appendix I ) served by nine local Kaiser Permanente-affi liated hospices (two hospices are each located in close proximity to two health centers). More than 90% of hospice enrollees enrolled at the hospice that was located in the same geographic area as their health center. In rare cases, patients were diverted to other hospices if the closest hospice was temporarily at capacity.
Hospice Enrollment
We examined whether patients enrolled in hospice care at any time between diagnosis and death. For patients who enrolled in hospice care, we calculated the number of days from the date of hospice admission until the date of death or disenrollment.
Patient and Provider Characteristics
We obtained information about patients' ages, sex, race and Hispanic ethnicity, marital status, and health centers from the Kaiser Permanente enrollment fi le. We obtained information about tumor stage (local, regional, distant) ( 25 ) and the dates of diagnosis and death from the Kaiser Permanente Cancer Registry. We used data from the 2000 U.S. Census to obtain information on patients' education and income levels according to their census block group of residence. We evaluated comorbidity by using the Deyo modifi cation of the Charlson comorbidity score ( 26 , 27 ) after removing the codes for lung, colorectal, breast, prostate, and metastatic cancers. We obtained information about physician specialty, age, sex, and ethnicity from the Kaiser Permanente provider fi le. We categorized variables as listed in Table 1 . Age was categorized in approximate 10-year categories. Medical centers are labeled with the letters A through K to preserve anonymity.
Statistical Analyses
We described rates of hospice enrollment by health center and by individual physician within each center for high-volume physicians (defi ned a priori as those who saw at least 15 patients in our cohort). We applied a shrinkage factor to the variance estimates for the high-volume physicians to reduce excess variation due to sampling error. However, it is important to point out that shrunken estimates tend to underestimate the true variation ( 28 ) . We used the chi-square test to examine associations between patient and provider characteristics and hospice enrollment.
We used random-effects linear hierarchical probability models in which patients were nested within physicians who were nested within centers to evaluate the relative contribution of the individual physician and the center in explaining the variation in hospice enrollment ( 29 ) . The models included random effects for the physicians and centers to estimate the effect of physicians and centers on hospice enrollment as well as fi xed effects for patient and physician characteristics. The random-effects modeling strategy estimates the real variation in hospice enrollment among physicians and among centers after removing sampling variation at the patient level. We present the standard deviations (SDs) of the center effect and the physician effect; these standard deviations quantify the variation associated with each level of interest (e.g., center, physician). We also present the estimated change in the probability of hospice enrollment (expressed as a percentage with 95% confi dence intervals [CIs]) for each patient and || Kaiser centers are lettered to preserve anonymity.
Table 1 (continued).
( Table continues) physician characteristic based on the regression coeffi cient from the hierarchical regression models. We conducted three sensitivity analyses. In the fi rst, we restricted the analyses to patients who were initially diagnosed with metastatic disease because this cohort of patients had a relatively poor prognosis and would generally be considered good candidates for hospice enrollment. In the second, we assigned each patient to a principal physician based on his or her outpatient care during the 3 months before hospice enrollment or, for patients who did not enroll in a hospice, the 3-month period from 4 months before death through 1 month before death -a period that was closer to the patients' date of death. In the third, because we were concerned that being seen by an oncologist during the 6-month period of interest could be more a refl ection of whether the patient was known to have active disease than of the specialty of the physician, we repeated the analyses by stratifying patients according to whether they had seen an oncologist during the 6-month period. This third sensitivity analysis also in effect compared hospice referral for high-volume ( ≥ 15 patients) versus low-volume (<15 patients) physicians because all of the 44 high-volume physicians were oncologists whereas only nine of the 631 low-volume physicians were oncologists.
All analyses were performed using SAS statistical software (version 9.1; SAS Institute, Cary, NC), and two-sided P values are presented. Statistical signifi cance was defi ned as P <.05. The study protocol was approved by the Institutional Review Boards of Harvard Medical School and the Kaiser Foundation Research Institute.
R ESULTS
The mean age at diagnosis of patients in the cohort was 68 years (SD = 11.3), and 47% of the patients were female, 10% black, 5% Hispanic, and 62% married ( Table 1 ) . Overall, 65.4% of patients enrolled in hospice care. Among hospice enrollees, the median duration of enrollment was 31 days (interquartile range [IQR] = 13 -81 days) and the mean number of days enrolled was 73.7 days (SD = 119.2 days). Table 1 shows the unadjusted rates of hospice enrollment by patient and physician characteristics. Rates of hospice enrollment did not differ by patient age at diagnosis, sex, race/ethnicity, or marital status. Lung cancer patients were the most likely to enroll in hospice care (66.7%), and breast cancer patients were least likely (58.5%). Patients who had metastatic cancer at diagnosis were more likely to enroll than patients who had local, regional, or unknown-stage cancer. Hospice enrollment was higher for patients who lived in areas in the top two quartiles of median income than for patients who lived in areas in the bottom two quartiles but did not differ substantially by the percentage of high school graduates in the census block group of residence (although patients for whom census-level data were unknown had lower rates of hospice enrollment than patients for whom such data were known ). Hospice enrollment was lowest among patients who died within 1 -2 months of diagnosis. The rate of hospice enrollment was highest among patients who died in 1997 (72.8%) and lowest among those who died in 2001 (61.2%), although there was no consistent trend across the study period .
Rates of hospice enrollment also varied by the age, race, and specialty of the principal physician. Patients whose principal physician was 45 years old or younger were less likely to enroll in hospice care than other patients, and patients who had seen an oncologist were more likely to enroll in hospice care (68.2%) than patients who had not seen an oncologist (57.8%) ( Table 1 ). The unadjusted rates of hospice enrollment by health center ranged from 49.9% to 79.6% ( Fig. 1 ) . The rates of hospice enrollment among the patients of physicians who saw 15 or more patients in our cohort (all of whom were oncologists) ranged from 49.3% to 80.2% ( Fig. 1 , stars) . In general, average rates of hospice enrollment among patients of the high-volume physicians were higher overall than the average rates of hospice enrollment among patients of the low-volume physicians ( Fig. 1 , triangles) .
We used a hierarchical regression model that included random effects for physician characteristics and health center and fi xed effects for patient and physician characteristics. The effect of health center on the rate of hospice enrollment was statistically signifi cant ( P = .02); the standard deviation in the rate of hospice use by center was 10.0 percentage points. Thus, the difference in hospice enrollment rates between centers that had rates one standard deviation below the mean rate and centers that had rates one standard deviation above the mean rate (a range that included approximately two-thirds of the centers) was 20.0 percentage points, which corresponded to an estimated adjusted hospice enrollment rate range of 55% to 75%. The individual physician effect was of borderline statistical signifi cance ( P = .09); the comparable two -standard deviation range for within-region individual physician effect was 9.2 percentage points. Table 2 presents adjusted estimated differences in hospice enrollment by patient and physician characteristics. Patient characteristics that were statistically signifi cantly associated with higher rates of hospice enrollment included being 75 years or older at diagnosis (versus being younger than 55 years), being female, living in areas with income in the top two quartiles (versus the bottom quartile), and having metastatic cancer at diagnosis. Patients with breast cancer were less likely to enroll in hospice care than patients with lung cancer, and patients diagnosed within 1 year of death were less likely to enroll in hospice care than those diagnosed 2 or more years before death. The only physician characteristic that was associated with hospice enrollment was physician specialty. Patients who saw an oncologist were statistically signifi cantly more likely to enroll in hospice care than those who did not see an oncologist (by 8.2 percentage points, P <.001).
In the fi rst sensitivity analysis, we restricted the cohort to patients who were diagnosed with metastatic disease and obtained results that were similar to the original model except that the individual physician effect was smaller (SD = 2.4 percentage points) and was no longer of borderline statistical signifi cance ( P = .36). In the second sensitivity analysis, we assigned patients to principal physicians based on the patient's outpatient care during the 3-month period before hospice enrollment for hospice enrollees or during the 1 to 4 months before death for patients who did not enroll in hospice care. Estimates were nearly identical to those obtained with our original model (data not shown).
In the third sensitivity analysis, we restricted the sample fi rst to patients who saw an oncologist and then to patients who did not see an oncologist. For both models, results were very similar to those obtained in the original model except that the size of the individual physician effect for the model restricted to patients who did not see an oncologist was larger than that in the original model (SD = 10.6 percentage points) but was still of borderline statistical signifi cance ( P = .09).
D ISCUSSION
We found high rates of hospice enrollment among cancer patients enrolled in a large integrated health care delivery system and little variation in those rates based on patient sociodemographic * Using a random-effects linear probability model. The model included random effects for physician and center to account for clustering of patients within physicians and physicians within centers and also included fi xed effects for the patient and physician characteristics included in the table. CI = confi dence interval.
† Estimated change in hospice enrollment for the estimate of expected change for a linear probability model, calculated as regression coeffi cient × 100.
‡ Two-sided P values for the fi xed effect of the patient and physician characteristics in the model. § Indicator variables were included in the model for the 283 patients for whom the census block group of residence was not available, for the 17 patients with no information on race, and for the 103 patients for whom information was missing on the age of their physician.
|| Charlson comorbidity index excluded codes for lung, colorectal, breast, and prostate cancers and all metastatic tumors. characteristics. Our results suggest that an integrated health care delivery system model may successfully eliminate disparities in access to hospice care. Nevertheless, we identifi ed large differences in the rates of hospice enrollment based on the health center where patients received outpatient care and moderate differences (of borderline statistical signifi cance) in hospice enrollment based on the individual physicians who saw the patients.
The large center effect that we observed (an SD of 10.0 absolute percentage points, which corresponds to estimated adjusted enrollment rates that range from 55% to 75% for two-thirds of the centers) is larger than the effects of being diagnosed with metastatic cancer or seeing an oncologist in the months before death. Thus, even within an integrated health care delivery system with consistent insurance coverage, the local practice environment or center at which a patient receives care is one of the most important determinants of whether that patient enrolls in hospice care. This fi nding is consistent with other data ( 20 ) that suggest that variation in rates of hospice use across health care markets is not explained by market characteristics but instead is likely infl uenced by local factors.
Several local factors may explain the large variations in hospice enrollment among cancer patients by health center. Centers may vary in the propensity of oncologists and patients to continue attempts at curative therapy, or they may differ in the availability of palliative care programs that work with physicians to transition patients to hospice care. For example, some health centers may have providers who champion the benefi ts of hospice enrollment to physicians, nurses, and patients and their families. In addition, the hospices themselves may differ in their procedures for recruiting and admitting patients, which may make enrolling a patient more or less diffi cult. Hospices may also differ in their willingness and ability to provide palliative treatments, which may infl uence referral, especially if patients are likely to benefi t from palliative chemotherapy. Finally, hospice staffi ng may infl uence the capacity of hospice services in a local area. Our analyses included patients who were diverted to other hospices if the closest hospice was temporarily at capacity. However, knowledge of chronic staffi ng problems could potentially infl uence a provider's propensity to refer patients to hospice care. Few data are available about the contribution of physicians to variations in hospice enrollment. Results of previous studies suggest that physicians have positive attitudes about hospice care ( 24 , 30 -32 ) and that those with more positive attitudes and better self-rated knowledge about hospice care refer more patients to hospices ( 24 ) . Although we did not have information about the knowledge or beliefs about hospice care for the physicians who treated the patients in our study, our fi nding of a moderate variation (of borderline statistical signifi cance) in hospice enrollment rates among individual physicians suggests that physicians are likely to in fl uence their patients' access to hospices. In another study ( 30 ) , physicians reported important barriers that prevented them from referring patients to hospice care, including diffi culty in predicting how long a patient had to live, as well as having limited time to discuss end-of-life issues because of the rapid demise of patients with terminal illness ( 30 ) . Higher rates of hospice enrollment among patients who are seeing an oncologist might mean simply that the presence of active cancer had been better recognized in that group rather than refl ecting a true difference in practice style between oncologists and non-cancer specialists. Alternatively, oncologists may have more experience than other types of physicians in caring for terminally ill patients and thus may interact more frequently with the local hospices, which may lead to more hospice referrals.
Our study has several limitations. First, we did not know patients' preferences for enrollment in a hospice, nor did we have information about individual physicians' attitudes about hospice care. However, our use of hierarchical models allowed us to account for differing practice patterns of the physicians. Second, some investigators have questioned the validity of retrospective studies of end-of-life care for cancer patients because it is not always possible to identify the point at which physicians perceive their patients' terminal status ( 33 ) . Although we could not be sure that all patients in our sample had been recognized by their physicians as being terminally ill before they died, we restricted our analyses to patients who were diagnosed with cancer and who also died of their cancer to maximize the likelihood that we were studying a cohort of terminally ill patients ( 34 ) . Moreover, results of our sensitivity analyses among patients with metastatic disease at diagnosis and among patients who were seeing a medical oncologist were similar to those for analyses that included all patients. Third, the rates of hospice use we observed within the single large integrated health care delivery system we studied were higher than those reported in other studies of patients in managed care systems ( 12 , 18 , 19 ) . The rate of hospice enrollment in our study was higher in part because we restricted our cohort to patients who died of their cancer within a defi ned period, most of whom had metastatic cancer when diagnosed, and we excluded patients who had died within 30 days of diagnosis. Although these restrictions may limit the generalizability of our fi ndings to other groups of patients, they are not likely to infl uence our overall results concerning variations in hospice use by patient characteristics, physicians, and center, which was an important distinctive feature of our study. Finally, a larger dataset will be required to confi rm the normality and homoscedasticity assumptions of our random-effects models ( 29 ) .
Our results indicate that health care within a large integrated delivery system that provides consistent insurance coverage and availability of hospice services for all patients has the potential to eliminate disparities in hospice use by race and ethnicity but that, even within such a system, substantial geographic variations in hospice use remain. To better understand these variations, future studies should examine local differences in the availability of palliative care programs, intensity of treatment for patients with metastatic cancer, and physician and staff attitudes about hospice care. In addition, understanding differences among hospices in enrollment procedures, staffi ng, and communication with oncologists and other physicians may clarify how the hospices themselves contribute to variations in use. Our fi ndings suggest that such focused efforts to understand how patients, physicians, and hospices interact at the local level may be essential to ensure equal access to hospice care for all terminally ill cancer patients.
